The present study was carried out during successive growing seasons for the years 2014 and 2015, under greenhouse conditions, at Sabahia Horticulture Research Station, Alexandria Governorate, Egypt. Six inbred lines of cucumber were utilized in a half-diallel cross breeding program to obtain 15 F 1 hybrids. The breeding program was concerned with powdery mildew resistance, economic characters and their attributes; i.e. total fruit yield/ plant, number of fruits/plant and average fruit weight; in addition to the fruit quality characteristics; i.e., fruit length and fruit diameter. Results showed that the hybrid P 2 ×P 4 gave a very high resistance (100%), which is considered an immune (I) hybrid, while, the genotypes P 2 , P 1 ×P 2 , P 1 ×P 3 , P 2 ×P 5 gave high powdery mildew resistance (HR); i.e., (98.33%, 98.23%, 96.3% and 95.83%), respectively. The additive gene action exhibited highly significant, positive or negative, values in all the tested crosses for total yield/plant; whereas, the dominance effect values were found to be positively high significant in most crosses. The additive gene action exhibited positive significant values for powdery mildew resistance in most crosses; except the cross P 1 ×P 2 , which gave a negative high significant values and the two crosses P 1 ×P 5 and P 2 ×P 3 , which gave insignificant values. The dominance gene action was found to have positive high significant values in most crosses for this character.
INTRODUCTION
Cucumber (Cucumis sativus L.), 2n = (2x) =14, belongs to the family Cucurbitaceae, which is an important summer vegetable crop grown in Egypt. Cucumber is originally from Southern Asia (India); nowadays, it is grown worldwide. Many diseases were found to have severe effect on production causing a huge yield loss and declining in the quality. Powdery mildew is considered the most common and serious disease of cucurbit crops in Egypt, it causes serious production problems in both field and greenhouse which, consequently, reduces yield. In Egypt, cucumber powdery mildew intensity decreases highly in autumn than in spring (Abd El-Sayed, 2002) . Nevertheless, the early planting results in the lowest percentage of disease intensity. So, plant breeding programs are urgent to produce new hybrids having resistance for this disease to eliminate the damage caused by the infection.
Production of new cucumber hybrids with high quality characters relays on the study and focus on some important traits, especially resistance to important diseases and total yield. Successful hybridization programs depend upon the knowledge regarding the nature of gene action controlling the characters under study to identify both the promising parents and crosses, (Abou Kamer, 2011) . El-Mgihawry et al. (2008) reported that the dominance components (H1 and H2) were found highly significant for all cucumber studied traits, and larger in magnitude than the additive effects of the genes (D) indicating the importance of non-additive and additive gene action in the inheritance of days to anthesis of female flower, fruits weight and number of fruits/plant.
The knowledge of the genetic parameters which influences the expression of different quantitative characters is needed to understand the genetic basis of yield and yield components with the information about different gene action which can help the breeder to plan a suitable breeding program to realize the objectives for quality improvement of crop characters. Therefore, the present investigation was carried out to evaluate the degree of resistance of some cucumber genotypes against powdery mildew disease via estimating the types of gene action of 15 F 1 -hybrid, resulting from a half-diallel crossing among six inbred lines, to develop new hybrids under greenhouse conditions and to select the top performing ones which are powdery mildew resistant with superior yield and fruit quality.
MATERIALS AND METHODS Seeds of 6 different inbred lines of cucumber (Cucumis sativas L.) were kindly provided by the Improvement of the Main Vegetables and Hybrids Production Project, Vegetables branch, Horticulture Research Institute (HRI). The six lines were 9-5-21-23-2 KAHA(P 1 ), 1-26-27-19 KAHA(P 2 ), 67-7-23-128-18 DOKKY(P 3 ), 1-19-299-2 KAHA(P 4 ), 25-2-22-15 KAHA(P 5 ) and 6-5-23-2 KAHA(P 6 ).
Seeds of the six cucumber inbred lines were sown on the 1 st of January 2014 for the evaluation of resistance to powdery mildew and to produce all possible combination of first generation (15 F 1 ) using half-diallel crossing (one direction) among the six parents. Planting was carried out under greenhouse conditions at Sabahia Horticultural Research Station, Alexandria Governorate, Egypt. After 42 days of sowing, plants with four leaves were inoculated by powdery mildew spores through artificial infection by inoculum spraying using infected leaves, as spore's source. These spores were used to make a suspension solution with a density of 20 spores/sight (10×10 fold) as described by Tang et al. (2003) . Symptoms scale was given according to Zhang et al. (2011) . Parents, used in the crossing program, were evaluated and classified according to their degree of resistance to powdery mildew disease, as illustrated by Mather and Jinks (1971) .
In the following season, September 2014, seeds of the first generation (15 F 1 ) and their parents (6 P) were sown for self-pollination and crossed to produce the second generation 15 (F 2 ),15 (BC 1 ) and 15 (BC 2 ), in addition to new seeds of the 15 F 1 's and the 6 parents.
Seeds from each of the sixty six genotypes, 6 (P), 15 (F 1 ), 15 (F 2 ), 15 (BC 1 ) and 15 (BC 2 ), were evaluated under the greenhouse in Sabahia Horticulture Research Station, during the two seasons of February 2015 and September 2015. A Randomized Complete Blocks Design (RCBD), with three replicates, was used. Data recorded were fruits number /plant, total fruit yield/plant (g), average fruit weight (g), fruit diameter (cm) and fruit length (cm).
Recorded data for the six populations; i.e., P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 of each cross were statistically analyzed, using the combined analysis over two seasons, as outlined by Allard (1960) . Types of gene action were calculated using the relationships given by Hayman (1958) and Gamble (1962) .
RESULTS AND DISCUSSION Analyses of variances:
Analyses of variances results revealed that there were highly significant differences among various evaluated genotypes for all studied characters (Table 1) . These results indicated that the evaluated populations differed in their genetic potentials with respect to these studied traits.
Seasons mean squares were found to be highly significant for the studied characters fruit yield/plant, average fruit weight (g) and fruit length (cm). Such result indicated that there were some pronounced fluctuations in the environmental conditions from season to another throughout the two experiments of this investigation, affecting the general behavior of these characters. Variability between the two seasons might be related to the differences in temperature and other related climatic factors.
Interaction between genotypes and seasons (G×S) reflected highly significant effects among all studied characters. Such a result, generally, suggested that the evaluated genotypes showed different responses when grown in different seasons and the genotype × environment interaction can have dramatic effects on most cucumber characters.
The obtained results, generally, agreed with these of Yadav et al. (2012) who reported that mean squares were highly significant for all studied traits, indicating the presence of a wide variability in cucumber genotypes. Feyzian et al. (2009) illustrated that the analysis of variance for all studied characters of melon indicated highly significant differences among genotypes. 
Mean performances of the various evaluated:
The mean values for the yield and its components are shown in Table ( 2). The genotypes P 1 ×P 3 , P 2 ×P 4 , P 3 ×P 4 , P 4 ×P 5 , P 4 ×P 6 , BC 2 of (P 4 ×P 6 ) and BC 2 of (P 5 ×P 6 ) gave the highest values for total yield/plant (g) without significant difference between each other. The parental inbred line P 1 gave the lowest total yield of all tested genotypes; and when it was as the recurrent parent, the total yield declined in most of the back crosses.
The mean values of number of fruits/plant ranged from 7.70 to 31.16; and the highest value of all tested genotypes appeared to be that recorded by the F 1 hybrid P 4 ×P 6 , while the lowest number of fruits/plant was that recorded by the inbred line P 1 .The number of fruits/plant is one of the major components determining the total yield of the crop and the variation in this character might have been due to sex ratio and number of female flowers / node. Table ( 2) illustrated that, the parental inbred lines P 6 , P 2 and P 1 had the highest fruit weight, with averages of 56.78, 55.86 and 55.58, respectively. On the other hand, the lowest values were recorded by the F 1 hybrid of the crosses P 5 ×P 6 and P 2 ×P 6 ; 36.45 and 35.94 respectively. Hossain et al. (2010) reported that the number of fruits/plant varied significantly among their tested accessions and ranged from 2.78 to 10.44, and the cultivars showed significant differences in produced yield/plant, which ranged from 0.52kg to 2.69kg.
Comparisons among means of the tested genotypes of fruit diameter and fruit length reflected significant differences in both traits (Table 2) . Fruit diameter values of the various genotypes ranged from 2.41 to 3.36 cm and the highest value of all was recorded by the parental inbred line P 4 (3.36 cm); while, the lowest value was recorded by the F 1 hybrid of cross P 2× P 4 (2.41cm). Concerning fruit length character, parental inbred line P 2 had the longest fruit length among the parents (16.11 cm); while parental inbred line P 4 had the shortest fruit length (10.23 cm). The F 1 hybrid of the cross P 1 ×P 2 had the longest fruit of all evaluated genotypes (17.32 cm), followed by that of the cross P 5 ×P 6 (14.68 cm). The present results, generally, agreed with Khan et al. (2015) who reported that the detected variations in fruit diameter and fruit length of cucumber were great among all their studied genotypes.
Resistance degrees to powdery mildew disease of the parental inbred lines and their F 1 hybrids:
The results of determining the degrees of resistance of the six used parental inbred lines for powdery mildew disease under artificial infection, in (2014), are illustrated in Fig.(1) : upon the detected reactions to artificial infection, the cucumber parental inbred lines were classified into four group i.e., P 2 (99%) as high resistant (HR), P1 (90%) as resistant (R), P 3 (65%) as tolerant (T), and P 4 (30%), P 5 (33%), and P 6 (39%), as susceptible (S).
According to the classification of resistance in Fig.  (1) , the parental inbred lines P 1 and P 2 were considered as (resistant parents), P 3 (a tolerant parent) and P 4 , P 5 and P 6 as (susceptible parents), which were used in conducting half-diallel crosses program, aiming to produce resistant hybrids and to determine the types of gene action involved in the inheritance of powdery mildew resistance.
The results obtained on the reactions of powdery mildew resistance of the used 6 cucumber parental inbred lines and their 15 F 1 hybrids, evaluated in 2015, are presented in Fig (2) .
The obtained results showed that the F 1 hybrid of the cross P 2 ×P 4 was the only immune (I) F 1 hybrid (100%); while P 2 , P 1 ×P 2 , P 1 ×P 3 , P 2 ×P 5 genotypes were highly resistant (HR) for powdery mildew 98.33%, 98.23%, 96.3 and 95.83%, respectively. The genotypes P 1 , P 1 ×P 6 , P 2 ×P 3 and P 3 ×P 5 showed relative weak infection degrees that ranged between 94-76%, which might be considered as resistant (R) genotypes; and, finally P 3 , P 1 × P 4 , P 1 × P 5 , P 3 × P 4 and P 3 × P 6 showed moderate degrees of resistance 75-51%, making them as tolerant (T) genotypes.
Types of gene action:
The estimated values of the various genetic parameters; i.e., population mean (m), additive gene effect (a), dominance gene effect (d) and the three epistatic effects additive x additive (aa), additive x dominance (ad) and dominance x dominance (dd) of the studied characters, are presented in Table ( The estimated values of mean effects (m) on total yield/plant (g), clearly, appeared to be significant in all crosses, indicating that population mean might be considered as an effective selection indicator for this trait. The additive gene actions (a) exhibited highly significant, negative or positive, values in the various tested crosses, whereas the dominance effects (d) values were found to be highly significant positive in most of the crosses and highly significant but negative in the crosses P 1 ×P 2 , P 1 ×P 4 and P 2 ×P 4 . The additive x additive interaction (aa) was found to be positively high significant in most of the tested crosses, but not in the five crosses P 1 ×P 2, P 1 ×P 3, P 1 ×P 4, P 1 ×P 5 and P 2 ×P 4 which suggested the importance of additive x additive epistatic type of gene action on the inheritance of total yield. The additive x dominance type of interaction (ad) was also found to be positively high significant for P 1 ×P 2 , P 1 ×P 3 , P 1 ×P 4, P 1 ×P 6, P 2 ×P 3 and P 2 ×P 5 ; while, it was negatively high significant for the rest of the tested crosses. This result suggested that the selection for this trait in the early generations would be not effective because of the high significant effect of the additive x dominance interaction (ad). The dominance x dominance interaction (dd) was found to be negatively high significant in the crossed P 2 ×P 5 , P 3 ×P 4 , P 3 ×P 5 , P 4 ×P 5 , P 4 ×P 6 and P 5 ×P 6 , and positively significant in the rest. This result indicated also that the dominance gene action (d) was important on the inheritance of this trait.
Concerning number of fruits/plant, data in Table ( 3) illustrated that the estimated values of mean effects were found to be insignificant in all crosses; except P 1 ×P 2 , P 4 ×P 6 and P 5 ×P 6 crosses; indicating that the population mean may not be as effective as an indicator for selection for this trait. The additive gene action (a) exhibited a significant value in only one cross (P 4 ×P 5 ).
On the other hand, the dominance gene effect (d) exhibited highly significant values in most of the tested crosses, indicating that the dominance gene effect had the main role on the inheritance of this character. The additive x additive interaction (aa) was found to be positively high significant in most crosses; except P 1 ×P 2 and P 3 ×P 6 crosses, which recorded negative significance values. Insignificant values were obtained in the two crosses P 1 ×P 3 and P 2 ×P 3 . The additive x dominance epistatic type of gene action (ad) was found to be insignificant in all crosses, except in the cross P 4 ×P 5 ; while, the dominance x dominance interaction (dd) was found to be negatively high significant in the crosses P 1 ×P 5 , P 2 ×P 5 , P 3 ×P 4 , P 3 ×P 5 , P 4 ×P 5 and P 5 ×P 6 and positively significant in the rest of the tested crosses. These results indicated that the dominance x dominance interaction (dd) seemed to be more important on the inheritance of number of fruits/plant character.
Obtained results for average fruit weight (g) declared that the estimate values for mean effect were found to be significant in the crosses P 1× P 3 , P 2× P 3 , P 2× P 4 , P 2× P 5 , P 2× P 6 , P 3× P 4 and P 4× P 5 . The additive gene action (a) was found to be positively high significant in P 2× P 3 , P 2× P 4 , P 3× P 4 and P 3× P 6 crosses; while, the dominance effects (d) exhibited negatively high significant values in most of the tested crosses; except the two crosses P 1 ×P 6 and P 2 ×P 5 , which have positively significant value. The additive x additive interaction (aa) was found to be negatively high significant in most of the tested crosses; only the three crosses P 1 ×P 6 , P 2 ×P 5 and P 3 ×P 6 appeared to have positively significant values. The additive x dominance interaction (ad) was found to be positively significant in P 1 ×P 2 , P 2 ×P 3 P 2 ×P 4 , P 2 ×P 6 P 3 ×P 4 , and P 3 ×P 6 crosses. The dominance x dominance interaction (dd) was estimated by positively high significant values in all crosses, with the exception of the crosses P 1× P 6 , P 3× P 6 , P 4× P 6 and P 5× P 6 ; which indicated that dominance x dominance interaction (dd) appeared to be more important on the inheritance of this character.
With reference to fruit diameter trait, all estimated values for the various types of gene action; i.e., mean effects (m), additive (a), dominance (d), additive x additive (aa), additive x dominance (ad) and dominance x dominance (dd) showed insignificant values in all crosses; which reflected the absence of a distinguished role for the involved parameter on the inheritance of this character.
For fruit length, the additive (a) and dominance (d) gene action appeared to have insignificant estimates in all tested crosses. The additive x additive interaction (aa) was also found to be insignificant in all studied crosses, except the cross P 1 ×P 2 . Also, the additive x dominance interaction (ad) exhibited insignificant values in all crosses. The dominance x dominance interaction (dd) values were found to be positively high significant in P 2 ×P 4 , P 4 ×P 6 and P 5 ×P 6 , and negatively significant in P 1 ×P 6 , P 1 ×P 2 and P 4 ×P 5 crosses; indicating that (dd) was more important on the inheritance of this character than (aa) and (ad).
The estimated values of the different types of gene action on the inheritance of powdery mildew resistance are presented in Table ( 3). Values of mean effects were found to be highly significant in all crosses; except two crosses P 1 ×P 5 and P 2 ×P 3 . Also, additive gene action (a) exhibited positively significant values in most crosses, which indicated that additive effects played a main role on the inheritance of this trait. The dominance gene effect were found to be positively high significant in most crosses; except P 2 ×P 4 , P 2 ×P 5 , P 4 ×P 5 , P 4 ×P 6 and P 5 ×P 6 , which appeared negatively significant. The additive x additive interaction (aa) was found to be positively high significant in most crosses, except P 1 ×P 6 , P 2 ×P 4 , P 2 ×P 5 , P 4 ×P 5 , P 4 ×P 6 and P 5 ×P 6 . The additive x dominance interaction (ad) appeared to be positively high significant in most crosses, except P 1 ×P 4 , P 1 ×P 6 , P 2 ×P 5 , P 3 ×P 4 and P 3 ×P 5 while, it was insignificant in P 1 ×P 5 and P 2 ×P 3 . The dominance x dominance interaction (dd) was estimated by positively high significant values in most crosses; only five crosses gave negative significance values.
Results of the present study seemed to have some agreement with those reported by Sarkar and Sirohi (2011) , who indicated that dominance effects on fruit weight, fruit diameter, fruit length, number of fruits/plant and fruit yield/plant were higher than additive effects in cucumber. Also, Abou Kamer (2014), explained that the dominant x dominant gene action; played an important role on the inheritance of the traits average number of fruits/plant and total fruit yield/plant of melon. Shahi et al. (2005) also, mentioned that additive x additive type of epistasis was found significant on fruit diameter and number of fruits. The additive x dominance and dominance x dominance types of epistasis were significant on all the characters, except fruit weight. The additive and dominance components of genetic variance appeared to be highly significant on all studied characters; except average fruit weight, which showed insignificant additive effects.
It could be concluded that the two hybrids P 1 ×P 3 and P 2 ×P 4 are promising for resistance to powdery mildew disease, in addition, they have given the best results for all the studied characters during both seasons.
